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Abstract 



PURPOSE:To obtain a crystalline silicon thin film with improved grain size and orientation controllability at relatively low 
temperature with high productibity, by forming the crystal growth surface of the non-single-crystal silicon semiconductor 
film having crystallinity, to be formed on a substrate, almost into a (1 1 1) plane. 

CONSTITUTION: A silicon oxide film 21 to be a mask is formed on an amorphous silicon film 12 on a glass substrate 1 1 . 
The silicon oxide film 21 is patterned to obtain a required pattern, and a thin silicon oxide film 20 is formed by ultraviolet 
irradiation in an oxygen atmosphere. Then the entire surface of the substrate is spin-coated with an acetate solution 
containing nickel to form a uniform liquid film 14. Heat treatment is performed to accelerate crystallization of the 
amorphous silicon film 12. During this process, a crystal horizontally grows from the region 22 with nickel implanted to 
the region with no nickel implanted as shown by the arrow 23. Thereafter, the cover silicon oxide is stripped using buffer 
hydrofluoric acid, and laser crystallization is performed. Thus a highly (1 1 1)-oriented film is obtained. 
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Abstract (Basic): EP 631325 A 

The semiconductor device includes a non-single crystal silicone 

semiconductor film, contg. a catalytic metal, with crystallinity on a 

substrate. The crystal growth face is (111). The catalyst is pref. Nl, 

used in trace amounts, applied directly to the substrate or to the 

silicon film alter deposition. The amount of nickel added is in the 

range 10 power 15 to 10 power 19 atoms/cra3. The catalyst promotes 

crystallisation of the amorphous silicon film. 

The semiconductor film crystal growth may occur parallel to the 

substrate surface, approx. in the direction of carrier migration in the 

semiconductor device. The semiconductor device is pref. a transistor, 

with the crystal growth direction matching carrier flow direction in 

the transistor channel. 

USE/ADVANTAGE - E.g. active matrix LCD switching transistors and 

peripheral circuit drive transistors. Reduced temp, and shortened time 

for amorphous silicon recrystallisation. Dwg.3/9 
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[0 0 4 2] ^C-C% *^^S-C^^i-§^P.^C0^:S:(7? 

-o^trti, ±ia^SBl&'^t;iai&fD^ofc:&f^<t#^ff: 

[0 0 4 3] Z(7)^^)K^(c?&ofc*-r^(^. ^\^%tL\t 

fS]ii, 8 0 0 A(7:)J5iJi:{-*3v^-cit (lE^fticit, ;iixJiJji± 

>T(il^^^r**> 5 t ;«i^*ijp^ L r V ^ ^> 
(111) (^tti;^r^tc|gatt^*-r5:^f^-cfo'9, 5^ 
(c*y^C(o;^r&if*. tu3zE<oj;9 Wi!i(7>:^r^ (^filx.tf*&B^e 

oi-f^t^^-v y T(os[tb5*f^^(i±2 0" ma(75®H 

•C'fetLtf-aLTt/^5i:^?i-rrii: 8 0 0Ao#f 

[0 0 4 4] iskic, ^as^t5ia[^^t<^$^w:^rfe^cov^T 

50 V^r. X^|[Hl^^§^^Toyt;5^ •eco|K(cx^•7^-^i: lt 
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(9) 



iRFST7-3 2 1 3 3 9 



15 



16 



[004 5] • »^7C^«r^^S®^S5i^®^Bl-«A 

[0 0 4 6] ±'§S.<Oy<y i:mt^-^1tt * 

(111) El6l»41t= 1 



THi-iioic (111) laisitfc^^^^-rsr tfciL, 
(111) iEffiltt^^i^i'^i''^^ (111) iB 

[fiitt^A'O. 6 7W± (^:^(C7>'^A/ilF&^ie:*3v>r 
(4±i2^^(ct^ (111) iaiSiJt^;*'^ 0 . 3 3 t 
*}. za:>itm(r>i^l^M.nitmt^hntf (i i i) 

tPB^)S-6'/j:v^i#;tfcS^-C-*)5) t-TSritct 

[004 7] 
[?S1] 



(2 2 0) ie[6n?«ifc= 



(2 2 0) CD (L 1 1) ICj^^ffijtSiK 
»*© (220)®(lll) ir«-r«,ffi5it!ftK 



(311) l2|al#iEJfc= 



imo (311)0(111) izm-i>mmm 

»*<D ( 3 1 1 ) ® ( 1 1 1) f::*hrs«*f5SJ£ 



(111) Bar3iJt;^= 



(111) Bi^W^ft 



(111) El6]#iEit+ (2 2 0) Elfil?¥fttb+ (311) ElPjflFfelt 
B 1^31 



[0 0 4 8] ^LTwO (111) iai*lJt^^S(-^« 

Lfcie^, TfS^l, S3, *4St;'lll<75#^i 

[0 0 4 9] 
[%1] 

















3*< (111) 





[00 5 0] 
[«2] 

















5ft< (I 1 1) 





30 



(111) mm. 



[0 0 5 2] 
[|g4l 









SBIIS (I 1 1) 







[0 0 5 1 ] 



40 

10 0 5 3] i^. ^n^m\t,^^\Z7r^^fhity<=7 
<CV ^^fiSt^^T'p -Ir ^H^-f ^►^i?)(CO C D^O S O G 

50 ^'fu^:^t\t.m\^WMmm^ m^SL^^^) <^^\^ 
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77 

■hThI-C*?^) 4r300mj/cm2 t Lfc, 

[0 0 5 4] mi\t. ^^-i^^^nxv^^ii*?. 

[0 0 5 5] m2\t. m^f&^:^^i^^^tcm^com^ 

1) iHf^^±^^•L-CV^fco 

100 5 61 m3\tmmm^mz-:>\^^xxk^tK mm 

tl3 0 0 A;^j^b5 0 0 0 A^Co^/^-Cll^S^^Tofci:r 
<D^, 4 0 0 A/;^ib8 0 0 A(;:o(/^T(ilKl9(C7j^^n^ 

Ji:icJ:<9^oEr^14;i^^{t:-r^/j^Mnt (i i i) IBf^ 
(111) iaf^tt:6^5fi<. iRF{cigi9;6^e)t3i<^i^^n 

5<t^(c, 8 0 0 A£ilT-Cli/j*/j:»9 3*v^ (l l l) Effii 
]!ijf:=^8 0 0 AtiT^-r^w^tCjloT. (1 1 1) la 
[0 0 5 7] laifi^ j^^S5rfflV^, ^ty>^/K7?jSSDl: 

ffi^S;^JDSrtTo?t^(DK-Xl:^, fcffly<7DSEI4;i5 (1 1 
1) SEf^lt^^, *fc*tlco^ti;5Si^-if-^^{t:mIco 

(75M:^Sr^Lyi:tc7:>-e*)^a Ct??llJ;!9, (i i i) ga 

f^it*^. mm7tm(o&mzx^xyyyj>^f)-b (i i 



(10) it#F^¥7 -3 2 1 3 3 9 

75 

^i:m^xhmm(Dm\^^^^hti^zt{zi:^mm^^ 

[0 0 5 8] jjct::, lltc^i7T^Lr^/Vj:v^;^l^ ;K^^(co^/^ 

^ f)'im'^^B xh^ fj^itm.ii^x(D tz^nmLx\. ^fj: 

JO [0 0 5 9] xit. ±m<ommi^mtt'<Dm^j:mm\zx 
mo:>m^^. mnf&&<Dmi^t^<om^§:ntit-x±x^ 

[0 0 6 0] Sl(7)^mi-ol>-CI^. Tlfe^St-tti^ETC 

m^^^ALtzm^^at. m^^i-^m^irx\^Tm(oB 

^^S:ttr:Ji3<9. r(7)B#,.^.X (111) iaf^ttC:/^^^ 
tnK.hk\.^(OXh^o 

[0 0 6 1] n2(ommz^^^x\±. mfSL^m^\t,±.ii^ 
tmm(ommx'h^ . m.m.^\zmLx\%. ^^^.t-T^ 

[0 0 6 2] S3(7)]^Jf:^fe#^4^cov^-c^:±. flIi?;ifW< 

30 [0063lS4C7)2 ocT^fi^^S (±® ICg^^b^^M;^^ 

nTi^sr^ir^i"?. ^(r>^^^^'&it^^^^< (1 
1 1) iar^tti:?i5t>cot%x.btiSo ± 
ffilc?8>fb^iR(7?#iv ^ffi^ft y n -ir ;^ (1 r 0#Ecc>^-^:i^ 
^j^\zfs:^fz}bititi\^^^M^^%'^^ (1 1 1) 

K]?<biar^tt(^ft1(-^5l^cCl=SBI^^^o/::, 0tlx.(€5OO 

A £75^0^0 (2 0 0) ^b^v^^i 
(3 1 1) oEf^ntt;6^3S<a^^nyto mtcovNT 

1 9co^ fmmxm^BfSL^t^m :ir>x\^^^t^7L^z,tt^ 

T-t^o ^S<^fi£ftffi5 0 1 feSi/Mi 5 0 6(1 

(111) EX^?"?. m[l^(c:-^'Cfc^;6^ 

IR:J^Ji:;6^^^bftLii. piJxtf s o o A(DlKi?tc:joi/>T 
I*. ^#tt±<75*&fa;aS:^fSi 5 0 4 .hS^fB^S® 5 0 1 

50 m^ktmm.xh'o . ^<o^^^^^ (iSf^tt^Bofc^ 
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19 

<i 1 i> |ftitcSiE/ct*'fSi;6>iiay^tL5r t 
75>tai/i:5 0 0 A{^^5v^r^l. ^sra^^s 5 o 6 1 
it±iJ^/SfB^g;^f^ 5 0 5 (lfiit-e(i4^< . ^oo^id 

^A/^^atC«-jjDLT, U— tf-;gf0^b:^^ (1 1 1) IE 
5 C <!: ^ ^ C (i: I- J: o T dS^P^ $ 5o 

9 t f-^fpftLfd (1 1 1) iEf^ttC7)glS^;!>5^V> 

-if-^B^B>fbLfc (111) W.\^o:>W:i^t'^^^-^i\^'^mx' 
^-tt^t^iiti. (1 1 1) w,\^^mtm<t^^:Ltm\ 

(111) lar^tb^^i^a^J^r <l:(-ii:^L 
[0 0 6 4] 2)5:tce^(cov^Til, 

[0 0 6 5] X.^x:ify.h^t.t^:>^t. m^^^^itR 
[0 0 6 6] t.'ff^^tX.X^-y^M^iiXm^i^^^mm 

[0 0 6 7] • (1 1 1 ) Sdf^^4;!^^i^V^Jgg>^#/ll^S^ 
tb^^/h^ <"r'5o wC7?:^ffi^fflv^5^ iricJ: "9. (1 

1 1) Ef^it^^Jro. 6 7-1 (7)r«i-ett«(c$i)ffl-ror 

[0 0 6 8] • ^yyi>^?iflI^Sr#fct^S'& 

It. ftkiJ^Tcs^t^ K-Xfi^^<i-^. 
^fr ^ ^ ;t 5 V ^-f ^ SrS^^i-tvll J: i >o 
[0 0 6 91 • ±IEt7)tfipB^(7)Ef^tt^'^-i- ^KiSri^fci'^ 



(11) i|#Pfa¥7 - 3 2 1 3 3 9 

20 

1 1) Ef^it^^O. ZZ--\<DWiX\£M\^W\^ir7oZ 

[0 0 7 0] ' ^<D{^mi\^\^<om^^mz\.^^^ 
J?t LTliS 0 0 A/j-ib3 0 0 k^^§.<of^xmt^^^o 

[0 0 7 1 ] ^S^IC, ^^B^B0O^^^^;t5#^^ LmJ^:^ 

If^o 

[0 0 7 2] -S^^^/J^^'^-r^:^^. .^;!)D-t-oaii«5t 
[0 0 7 3] i^. _btSc;:)ttj^5c^c?)^.^Pl:^^Ja-f oc;:) 

[0 0 7 4] *^P^{C:Jol>Ti3:. ftiiKTcS^ L-C-y 
^ ffl V > fc it ( c a =L a H ^ t# o r i: -C t o 

<JlPt, Cu. Ag. Au, In. Sn. Pd. P. 
As. S b^fiJffl-r5w>:75S-C'#5o b£/:>7C^l3:S^ 

SO ^B^ib^as-r^^^ffl^^'-r^o 

[0 0 7 5] ^-fz. tt!St7c^(/5^A:^Sit. TK^yg^r 

-yv^co@?S =^ ffl I > fc^Kfi ^fe (ci^S^ $ n 5 (/) -e 
;i:<. fm=KMk^htzm%^^l^.<m^^-^Z.ht'^X^ 
60 »^SE5c^^^^/::^M^b•g^fe^S^^b^fe5rffl 

[0 0 7 6] -Cliasic. ±ia:(^«-ffi1#i4^^i^^;t/::± 
-CTFT(^^£:ffl•t5*'ai-ov^TSiP^^5o CwT-TF 

9i\r.^'^^^^^x^^{\Ji^'^mrQM . ^k^Wi^x^^, 

z=.y^fv^'^m.WM\^. 5 0 0-5 5 ot:m«r'4 
^^^mSJS^Ib^-dror irlct "9. SSfait^^-fovy 

^ WP"-/^^^^nt@ft4::SMi-5ie:^Sllfo5^^ i!^ 
H. 7^niry^^ti^gjtr£7)4^X'+5^(-j:tJ^^B6T'fc*9. ^co 
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21 

T) co^j^±(c^^>5^ :^mf^^x-m^'r^mm\t. m 

[0 0 7 7] 

y^yu^^AL. mf^S^n-h^. (Ill) ifif^ttc/:) 

[0 0 7 8] El 3 \c:^mmmi:i^it^i'^Mi:mom^^ 

^^-To ^-r^ ;«f7;^S«ll (=i--V^7 0 5 9, 1 
Ocm^) ±(O^Bl©S^flSl 2 (^^X^CVDt7)5 

mit^m) S: 1 0 0 0 AJgjLi. C rr^ll 2 0 0 A(7)ll 

m^Lx^^. mm^^wc&^xh^i'^'^^^»<xh^^'t 

[0 0 7 9] %LTai^C07;*- h V y -=^>'^/Jim 

(om^\t2 0-5 oAsat%x.6n5o (ns 

(A) ) 

[0 0 8 0] ^C04^ffi{;i*5l^r. 1 0 0 p pmCO^ 
/t-^'&^Lfcg^S^igiS^K^ 5 m 1 rST (10 c m^StS 
O^-g^) -rS. t,ftZ<D^. 7. e^-1 5r-5 0 r pm 

-CM 0B?c>;^fc^:/='— h^tti/\ StS^®^f4^t-i^— 
*K1 4«rfl^fi!c$-tt^o $^l::c<7)4^«gr% 1 ^r^H^Jf 
L/t^;<t:''':h— ^ffll/^T2 0 0 0 r pm. 6 0&(D:^\i' 

0 — 1 0 0 r pmo:>\B\^i^'t^j:^'^bVr^J:^Xhi^\ 
(03 (B) ) 

[0 0 8 1 1 ^LX5 5 OS (^iiSS^ia^) . 8Btf0l<O 

300mj/cm2 (;>/<y-^^T'K r F^^r 
f (2 4 8 nm) {^i ^ U—l^-'-JgelfL^tTo fco 



(12) ^T^W-l ~ 3 2 1 3 3 9 

22 

[0 0 8 2] rco^{cLr#ibnfc^>y =3:/fli^x^^iEi 

.^^'ii^X^fztz.^. (1 1 1) Ef^lt^^/j^O. 91 
7^, (111) §Ef^t4;5^^^(^;iiV>^;4q#btt^Cc ^ 

[0 0 8 3] mmm2] i^%mm\t. um^\\b'^< 

0 Ai 8 0 0 k<o2mmx^Lfzmxh^, 

[0 0 8 4] ^m^LTIi, X||lEltff7'j^(b5tti^)fc (1 1 

1) lar^it^i^oi/^-Cfi. 4 0 0 A£7m5|^'(iJi5^i. o ^ 
10 mt%±\z (111) ief^(/)^T'^b'9. sooAoo^fif 

(iO. 7 2 0 ^ 5 0 0 AlCittSLT^^ ( 1 1 1 ) Idf^ 
[0 0 8 5] mi&m 3 ) Se^B^L^ibS 

if-*o.Wt-J: o;SB^0tt^S5i^^^*^'JT'$)5o rtT^tHFS 

[0 0 8 6] HS^^l^T. (r^r-tt^-;/^ 

^?iJi:::iol^Tt^. £«1 1 t \^X^-=^>^1 0 5 9 :^/^ 

1 0 OmmX 1 0 0mm 

[0 0 8 7] ^-f. ^B^B^^S^B^l 2^y7X-^CVD 
ife^L PC VDiit::J:o-C 10 0-1 5 0 0 AJf^/^i" 

1 2^5 0 0 A(75ll${^fiScHi-r5o (1^5 (A) ) 

[0 0 8 8] ^LT. ?5n;5.u^gm^l::J9l^S>)[^</:: 

ii!>tCy''y?g^il^tTl\ ^<n%.m^^ \ 3r£rl 0 — 5 0 

[0 0 8 9] z.(r>m\Lm \ "^{-tW^mz^mtt^ 
KJ?{^^P>^■C*)^^^ 2 0 ASig-C*?5i:#x.6n5o 

^ c x\'mM^'m%'^xo-^ u V )t (75psiti- ^ "9 t^fbfli 1 
3 4:;7Sciii-5. m%^\^\t. mM%m%^\^^^^x^3v 

Sr5 5J'Ppl95W-^-'5::ir(c*soTtT^^o7to rco^ibBIi 

* fcigipe^bTKigt- J: 5 tc J: 5 1 t J: i \ 
[0 0 9 0] Z.(Om{\:M\ 3ti. =^CD::^'y>!r>'V>£:^;^/f 

^ffi®rK^^^L/t:^'g^. ^B^BH^S^sKffigiSigrK^:^ 

m^Kt^:L}iiy<x^fi^\ EH*?. i^J-/j:^fBfb^tT-> 

[0 0 9 1] o^^lc, ^'y^/U(7:)M^*@rK^f^Oo 
r^'y^>'K^atjS(12 5 p pmtl-Qo ^ LT r COiftfiJ^ig 
B^BH^^fli 1 2 )z.<nmtm 1 3 (7)^®(C 2 m 1 
50 ?STU. TKflgl 4^?i?;3c1-5o ^/tCcoi^SS^rS^^FeW 
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(13) 

23 

^t^a tLXP^t^i—^m^^^X^^t'yh'y^ (2 0 0 
Orpm. eom ^HOo ms (C) . (D) ) 

10 0 9 2] mmmm^i:i^ii^^'y^^^(ommt. i 

(cfetscL. ^^Bit^^^-r^mmtLxj^m-r^o /j: 

x^^fj"^. mhi<^^s:mmm^nmm(om&xh^o 20 
[0 0 9 5] ^ur. :(IDllft*p^c:^^v^■r. S^^ii^^ic 

sigi \}L\zwM^Mz-^'^iB^^^^'r^mmnm\ 

vt'rL-^^fflt^frpi^j»W;6>'b^*:>fri:r5. 9 8. 
8 4%T*^ofCo 

[0 0 9 6] ±iac/:>^Dia^^(^ 4 5 o&\;xho->uMxn 
tT^tm^t Lxm\^^^:^y^mm(r>mfm<omm:fi'^ 30 

mmitLXL^Oo 

[0 0 9 71 *SJte^l^cio^^•c^i. ^¥^B«m^m±{zm 

^cDS-g^tcfi. m^om^i (111) iaf^tt;^j^#^^{cis 
[0 0 9 8] DmMmic^ ^ -Wi^^B^^^'i-^^mm 

1 2^f#fce>. K r FzJ^^iy-ri^—f (jfiS2 4 8 n 
■ m, /</^yPsm 3 0 n s e c ) ^^3g#iaM4^tC*5l 2 
0 0--3 5 Om J /c c/:)/^^— ^gS"e®:v^ a :^ 40 
%W\X\tZO Om J/cm^T'l ^/ K.B^ML. 3^ 

SKI 2^^^tc^S{l:^Li^>5o ::oxgii. *^3t 

[0 0 9 9] rco^t^::Lr^#<b^^yh)^^0^±^Wi-S^^ 

laetc^-To (111) (2 2 0) (siDcoe-^ 
tWI^ix. ctidov^r (111) sar^it 
^i^ffg-rSir 0. 4 0 5 i/^i? 7:^^^-^/j;M/j^=ffirMii 

[0100] c^jffi««j4 ] ^%mm\t. %i^&m 3 ic;^^^ 50 



-3 2 13 3 9 

24 

i,<DX'h^. ^<^{^(r>^m\t^x%mm3 tmmx^ 

II. m^^^^\^^^^^m<Oh<r>t 1 6B$FBlc7)i^o0 2o 
^\ZU-^-'i^iBit1k<OUM^^-^:=^=c.y^\^SK 

M\z^^Wim\.x^fz^ ^(Dmm. -^mcom^cmmmm 

m2(Dm^t\tmLxi^^<-r^-t^*--^mxh^zt 

[0101] Mi^. i^-'f'-'^^Bimcom^^xmmm 
^n^x^tctz^. mnf&m'^4^m<Dmt (11 

\) mi^itm^^^O, 7 3 0^:. (1 1 1) iaf^tiooSI/;^ 

m^^^^f^\Mx^^ztm^o^xt^j:^\ 

[0102] [17 lC2^.^ffiMt:':»f^SSXSc7)ag^^-1-, 
^-f ;«/7^S^^i 1 ±tcT*cO?fefb^^ili (Htj^-^-T) 
^2 0 0 0 A(Dlf:${CJ5ScMt-5o CcO?gfi:3l3gj5g(^. ;^ 

[0 1 0 3] ^LT, I^^B^^jgfll^^ffil^iJl tfHlli/j: 

:^mxs 0 0 Aom^icf&m't^o ^Lx. ^mmitm 

^^^^.<fzi^:>o:^y ^m^mcom. ?l|i'^®^ft:Bi^2 0 A 

[01 04] ^LX2 S p pm(D=^y^/}^^^^Lrzi^'^ 
h^y^irno. ^oy^y<yyryym:iX-:>xmi[: 

mmm2ot2\^m^f^^. ssog, 8^F«i(io*D^ft 
iizTT^Lftimi^mtmc) 

[0 10 5] ±mmMm^rfo^t{zx^x. ^^b^ 

^BfSL^\at^^Bmt^^&LX\^^^o ^b\ZKrF=c:i^i^ 
^ — )fe$r 200--300mj/cm2 , *:||JE{^J 
T*(i3 0 Om j/cm2 -CSB^-f^ ^ t i »9 . ^35B^ 

v^-C(i. S«$r4 0 orsa(c;^ni^i-5, ccoxm^o 
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(14) 

25 

[0 10 6] isfeic. ^^^itLtlmmUi:y<^-=^>'/L 

1 5 00A, ZZX^i^-iOOOAcomit^^m^OSi: 

jf^^-rso zomimmmit^-( hmmmtLxmrni- 
^o (0 7 (A) ) 

[0 10 7] ±t^m^mmm^ o soim^at^Mfj'^'^^ 

5 O'-e 0 ox:. if^u<(i3 o 0-4 s jo 
ox:x\ RF^yx-^cvDrnx^m-mmLfto te 

OStmmo:>f£tlititl : 1-1 : 3. ^fz. JEtilt 
0. 05^0. 5torr. R F /-^ 7— 1 0 0 ^ 2 5 
OWtLfZo ^^\^^l-lTKOS^WMtLX:ty>:ff:^ 

S^Kr^S^s 5 0-6 0 or, if^ L< {i4 0 O'-S 5 
or^LTJfMLfCo f^mm. Pg^tL<(^:^y>C0# 

ffi^-C4 0 O'-e 0 ot;r'3 o-e o^7^r=^—/\^LtLo 

[0 10 8] C</?:btfllT'K r F^^v-^-^—- !f- (i£ 
S2 4 8 nm. /</U^i|g2 0 n s e c) ^^V^li^tlt 20 

m^fmit^mM'r^:itx\ ^>m^i o 4(d'4^ 
(of^m^^^^^'x^t^'mxh^o 

[0109] ^(Om. 2 0 0 0 A— 1 ^ rciO->rjV ^ 

nr>i.|cji:;^;t7>>?r>is (S c) ?rO. 15-^0. 2* 
7. 1 -3%<ori:H?ge£^:i^^u>^y 

2 2 0 V^-emE^±tf. ^PBlt5fel^LT^ 
1 5 0 0-3 5 0 0 A, 2 0 Q Q k(D^mk\Y. 

rnxo^^nm-h. mi (b) ) 4o 

[Olio] ^cD^. -<^> K-t:'':^^}fe {-fy^-^ V 

(j^) ?raAi-5o Y-'d^y^liT^tX^XX^yitT^ 
7^:/ (PH3 ) ^ffll/^So K-Xfili, 1-4X10 

[0111] 07 (C) t::^-ri:^lcK r F::i^ . 

^C/^— if— (&:g2 4 8 nm. /nVI';^i|iI2 0ns 
ec) ^SB.ttLT. ±fa^#«4^ffl«(75^A{-J:orief0 
ttc^*^ftL/::Si5^i'(7?^f0tt^efe#^ii:5o u-if-(75^ 50 



i|#r?l¥7- 3 2 1 3 3 9 

\ 5 0-4 0 Om j/cm2 . it^L< 
(i2 0 0 — 2 5 Om J/cm2 Xh^^ w 9 LT. 
^^ife (^) ^1^1 0 8. 1 0 9^JfM-f^o 
®i$c^'>- htgtn[ll2 0 0-8 0 0 Q/at^te^o 
[0 112] rcOXStCibU^T. ^-f-'-^t^rffl^'^^ft 
t)>9tc, 7^i/v^7^^y^fe;fflLTfiB#FBliCl 0 0 0 

-1 2 0 ot: (->>; =tv^:=-^-oo?ag) ^-c±#$ 

/u-T^— /u) (RTF, 7^:/ h • f— ^yu . yair 
;^i:'bv^9) ^c^i'^:btJ>o i^— if— 7ti:lRl^f7)5i^coBS 

[0113] ^<D%.. ±mz.mmmm 1 1 o <t lt. 

DifetcioTS^fbS^m^il^ 3 0 0 0 AffM-r^o m 

is?^i±2 5 0-4 5 or. ^jx.fi, 3 5ort-roo 
m^zMm-t^o mi (d) ) 

[0 114] ^LT, ^rp1J6ft4^1 1 0^:ny^>^^L 
0 7 (E) tC/T^i-J: 9 {CT FTtOy— X/ Ki^-f > 

VCOE^l 12,11 3^Jl$^-^5o 

[0 115] ^^(c, 7K^+"C^3 0 0-4 0 or-eo. 

t:H^ML;t^ft<OTFT^-^ h y ^;^^^tv:E?yii:L.^6r 

CCOTFTfl, y-x/K^-Y V^^l 0 8/1 0 9 .1: 
^-r^^^'VJFM^^l 1 4Sr^Lri^5o ^fcl 1 

[0 116] 2^.^ffi(5iicofl|;S^£gfflLfc®'g^. Stt^^' 

tC#ffi-r^^y^/^(/)?SiStls 3 X 1 0*8 cm-3gS5b 
h\^\%^ri\>Xf<r>. 1 X 1 O'^atoms cm-3-3x i 0 

[0 117] ;*:^ffi<5*|-e{tM^nfcTFTIt. ^tdS/J^ 
N5"-^^>/UT-7 5 c m2 /V s W±oc> t> tD;6^#6ix-Cl. ^ 

5o ^fcvth < ^mm'^-kM\^x^^^z,b-hm 

^^m^y>¥M^Xh^fz)iy. x/^-r xcoibf^l^lt 

[0118] 6 ] *.^S£0iJfi:, ^ffi^J 5 (75- ty 

^/t-S*^ 1 p p m 1 1. ^^Bmi^^i^^ < ^^m^it-c 

[0 119] L-Ct±, ^®iS;i^N5^-\'^>/UT-l 5 

Ocm2 /V sJ[^i:Ot)(7);55.t#e>ixfco wtLfi^Sfs^l 
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(111) SSf^tt^*D^mJ^WLTl.^5fci^!). T-V<-<^ 

i: r L t o fc-^flMtt^^ feat «ay ^ tt oo 

[0 12 0] C^ffi0»j7] 2^^j||£«?iJi;i4oV^Tfi. %1Sm 

;55-e#5o ^fc. ^a^BWS^BlcoMii:^4 0 0 A<t-t-5 
::i:{cJ:o-c. l^l^^^ic (i i i) iBf^tttojgi^#5 

Sffi2 0 1 ^^StitL, TEOS (X • ^ h=^-> • V/ 
-CJi:$ 2 0 0 0 A(7:ig&>fbS^c;>Tlt!l«i2 O 2 ^JfM^ 
1 5 0 0 A. i^%mmx*\%A 0 0 k<n%^ ( I S) (7D^ 

^B^mMmz 0 3 5 0 0 

-2 0 0 OA. 1 0 0 0 Ac0^{b^igj^2 0 5 4r 

J^2 0 5^StR&^l-^';'^>^t-C. ^B^aS^^tngai 
Lfcffi^2 0 6^Ji5jE*:-r5o 

[0 12 2] ^LT3lft^?iJ2tc.T^LAc:irfelcJ: "^^efsfb 
^^y-ir/POgJ^ill OOppmr^fc-So f¥^4^ 

r (DX^fi. 5 %f:L\tMim\ 6 toi^ J: 

[0 12 3] Z,oy^. ^^#[1^T-C5 0 0-6 2 0 
^Jg2 0 3(^S£^Bib^^T^o S^faibli. :xo,>ryl.t3S5g 

fli75sig84tyh^^2 0 6 Lr. ^^3ir*^$tv 

TifefpftiLfcSiJ^. fi«2 0 3{i1?5:^r^i-S^B^bUfc» 
^J-^^-fo r(D2 0 3-C7i?^tL5ei:^r^--6c»^£^(t. 2 

5Mmma-e^5o (0 8 (A) ) 

[0 12 4] ±iS;^DliaMaicJ:5^fB^bXS(/:>?gl^$f? 

V-f-^O-^^mz. ct 19 2 0 3 (O^fai^^ttS 

350mj/cm2 Tjg^^tSrtTofCo 
[0 12 5li5:IC. ®?{tS^K2 0 5^f^7fei-5o wC?) 



(15) it*ra¥7 - 3 2 1 3 3 9 

-rSo ^LT, ^9gfli2 0 4^/^^-::^:/^^, Yy^ 
:i^y^>i/L-C. a«cOf§t±^^J^2 0 8 ^fFM-r^. 

wC':)^. HIS (A) -^2 0 6-c^$4^fcmi^^^i. -y^/- 

|;i:JoV^rfl. ?§+t^ 2 0 8{^*Dl^r. Cttf?c?)-y>r/u 

[0 12 6] ^C'^fg, 1 0 0ft:m£7:>7K.^^^^ti^l 0 
^JE. 5 0 0-^6 0 Ot:o. RS6^(C(i5 5 Ot:c7)#(l 

(^^M) 2 0 8(7)^®^^fL^^, mwL'^mmz o 9 
^?i^i^i-5o S&ft:S^ii(7Dji:$fii 0 0 0 Ai-r^. 

r>^=-Tmm% 10 0%) . 4 0 0t: 

20 0. 6 --4 Mm. 0. 8 1 . 4jLxm(::e— ^ 

^t)05^^^^3 0-1 8 O^i-'BBItL. ®^fLS^J!i2 0 

1 - 1 0%OOHC 1 ^^^ALT t^it^o (US (B) ) 
[0 12 7] 7.^<y^^)>'^mz^^X. 

3000-8000 A, 0iJ;tlf6 0 0 0 A(7)ryi-^ 
::irj7i>. (0. 0 1-0. 2%<r>:^ti>'^y^ h.^^^W ^ 

hmi^2 1 O^ffM-r^o (118 (C) ) 
[0 12 8] Z(DT/U%z^^M.(Om^<Omm^ 

30 mmmitLx. mm{zmit^m2 1 i^a^^-too ::to 
oooA-e#)Oo cooRSfbt/2 1 1(1. mfj^-r.-^!- 

>K-e>^^Xm{C^3l/^T. :tyizy hmm^l^^ 

±.E.mmmtT.uxj^^^z t t-^x^ oo (ei 8 

(D) ) 

[0129] ^ ^> K- fV^ife {-fy -^-r Y- 

\f^y^mx\^X.\^^) (ri:oT. ffitt^ggi^ (y-x/K 

^b^-r h®1^2 1 0 ^^C0Mlll(?:>!8fkg2 1 1 ^Sr-^^^ 

ttr. SBE^^jjcN^ma^f+^f^^JCi^ (^c 

^ > (PH3 ) ^ffll\ ;^PiimjES:6 0-9 0 kV. fiHJ 
;t{f8 0 k Vt-r^o K— Xfidl x 1 0 '5^8 X 1 0 
»5 cm-^ fi?»J;tt^. 4 X 1 0'5 cm-2<bi-5o 

NScO^ifiEife^ia 2 1 2 <i: 2 1 3 iBf&i-^ ^tr^ 
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Syifll" 5 T F T tC*3 1 ^ r ll^ ^# o i6 Ifiti 

[0 1 3 0] ^c^^, »f-)tooBBtt^cJ:orT^- 
^ 2 4 8 n m, /"^yU^te 2 0 n s e c ) 

frf±. :s^^)V^—^l^t'^ 200'-400mJ/cm2 , 
^?ij;tf^2 5 Om J/cm2 t L. -A^3t(-0# 2 ^ 1 0 

(7).^,|^0#ic£;K^ 2 0 0'-'4 5 Ot;Sit{-:^JDf!i-r6r ^ 
CiJzo-C. ^*^ti:^^tL&'>Tt (US (E) ) 

[0 1 3 1 ] ^v^-c, i?^ 6 0 Q Q ka:>m\:.%.m^2 \ 

4 ^ii Fflllfe&it^ i L T 7^7 X-^ C V D o XW^WL^^ 
[0 13 2] -tLT. JirBlJ6*i:ft2 14, 2 1 5lc=:r V 

2 17, 2 1 s^m^^-r^o mmz^ i^jecotk^^h 

^T*3 5 0t;, 3 0:J^(Or::^">'U^tTV\ TFT^-^'-f 

^r^'r^y^h V ^ ^(Dmm^^^^r&-r^o (HIS 

(F) ) 

[0 13 3] :^mmmv\mLtiT FTitmf^^m&^n 

f*:6*jf^li:(^t!l*;6^N^^t>/^T'2 5 0 cm2 /VsJ^ii 

[0 1 3 4] mmms] :^mmmit^ mmmKom^ 

Wh. 5 0 0Ac7:>Xtt (im) C0^faSa^l^2 0 3C0 
^(CiiigE6*3tC^|gLfcJi:$ 5 0 0-2 0 0 0 A. m^{t 
1 0 0 0 AcD?8{b^9RK2 0 5>^W»§L. -^eoftibfpic: 

OCD Type-2 (D/ > K— 7*^?)$^;^ S i - 5 
9 0 0 0-SGSrfflt\ :L<D^i,Z=:^y^Mt'^^^'^^ 

{z^b Lx^mm^ mitm^mfSi ^c/^tg cio c d 
m^X2 5 0X:(r>^:2>T^rr^tio z(D^:j.ro:) 
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»^m^iiCn2 5 0°CXt^^iC=^y^/i-tmWLLXL 
5. 151^ (2 0 0) E.\^tti:-oX\.^^Zt^mm^H 

/Co 

[0 13 5] [iis£c?ii9 3 :^mmmit. :^v^mm±\c 

(PTFTil^9) tN^^^^/l^mTFT WTFTt 
{^—=^y^7 0 5 9) 3 0 l±{c::^y<y^ V > if 

fcicj:orii:^ 2 0 0 0 AomimmoyTmms 02^ 
m^-r ^ o o tc / /u-r X ^ ^ nmitmmmm^ ^ 

oTJfM^ixfc-^^^^ 3 0 s^^ttoo wO-5';^i^3 0 

3ft, 3ooo:>m^x^v yhm:iTmm3 0 2^m^ 
y y h4^{^Titfim3 0 2JiiiML-c4of9, mmi^it-^ 

[0 1 3 6] ±f£-^';^^ 3 0 3 ><^/^:y^ y 

50 >i/mcx^x. 11$ 5-2 0 OA, m^{t20A(Dm 

it^^y&-/m (ib^^N iSix , 0. 4^x^2. 

5, x-2. 0) ^3oo(Dmm{^mnmcf^ 

[0 13 7] o%'iC, -/y X^CVVm^^-^X. 11$ 
500-1 500 A. m^it\ OO0A(>0Ktt (IS) 
(7)#fSa^3Rfll3 0 4^filcMt*5« ^LT, ^n^7K3g 
il7C#[l^T L < (1, 7K^i755>(E;55 o . i - i M 
IE) , 5 5 or, :ifcli^ffitt#IS^fb (:tMEE) . 5 
sot;, rMB#p^r^-/t'Lr*g^fb$-fr^o ^(/^e?, 
^0 mit=^y^Mmm^m:if&m^tifz3o oo:>mm^io 

t^Ttt, S«3 0 itc^tLTSil^rf^ic^faSS^ms 
0 4C0S;ga{b;i>e:i5o ^LT, 3 0 0J^>^(7)SIigc 

r-fi, ^^cWs 0 ^«3 0 o;i>e>«;^f^ 

[0138] ±EXmt^^*> 3 0 4 

y^/^y^ y v^ffi(CJ;oTIl$ 1 0 0 0 Ac?DgS^{b^ 

50 y >-^»#cos«r^H2 0 0-4 0 or, -piJ^-f^SSO 
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[0 13 9] ?l#J^v^T, y >^ffi(::J:oT, 

JS^ 6 0 0 0^8 0 0 0 A. 6 0 0 0 A(^T/^^ 

^^i>. (0. 1 '^2%<Oi/V ^>^^t^) ^r^fl^-f^o 

[0 14 0] ^tr. T/u^-i^Aj^^/N'i?— r^v^rt 

immso 8,3 1 o^jF^^-r5o ^(ommmitn. m 
:Bmt^^ 1^5 i^:^^ V =^—^^^t&'Pvn 

ofCo #^nfc®?{b®l3 0 8. 3 1 0C^i?$fl2 0 0 
0AT-i5o/t. 7if4b\ CC0®?fb1^3 0 8 3 1 0 

[0 14 1] 3:1::. K^Atc J:oT. ffittlfii^ 

v^r, bmS3 0 7 i^(7)j^ia(75^>ft;Ji3 0 8, y 
^ hmiis 0 9 t^(omm(omtm3 1 o$r-e^>:^^ u 

;=^^tLr. (ph3 ) ^xxfi^:r^yy (b 

kV, m^\tSOkV. m^O^'^it. 4 0-8 Ok 
V. «ffjx.«6 5 k V^i-5o K-:^l:m X 1 0*5-8 
X 1 0*5 0»Jx{f. ^S:2X 1 O'^ cm-2. 7isr> 

li^m^ 3 14^316, vmoT^^i^m^ 311^31 

3^mf&^^. P^^^;wMTFT (PTFT) (DmML 
irN^-r^/HlTFT (NT FT) t <Om^i:^^'t ^ 

[0 14 2] ^cofg, w-if-jtcoraM(-J:-orr^- 

/^fr^o ^-"f—yttLX\t. Kr F^=^i^-rU— tf— 
(?feg2 4 8 nm, /</^;;^tl2 0 n s e c) Srffll^/i 

;ii^/U:^-S-a;dS2 0 0-4 0 Om J/cm2 , 
0iJ^tf 2 5 Om j/cm2 t L. — /J^0ftCO# 2 - 1 0 

COBS#*B#tcS«^fc- 2 0 0-4 5 0 rStfCl^Dl^-r ^ C eh 
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Mir 3 13, ^h\ZitNi:H^i-b^^m'^h^-zf^ 

^fz^mmmms 1 4 i: 3 1 ef^. ^^\^mmt^it^ 

[0 1 4 3] rOXSll, a^^i^ (ffi);tlil. 2 am) 

^^it^^^ti'^'r<. 1 0 0 o®£^±oo^r^-/ufc: 

(r>x\ ^mm<Dm^fj'^mmt^j:^iim^:^^^x^t.M: 

[0 14 4] g£V>T. 11$ 6 0 0 0 AoOg^fb^^J^S 1 

^it^^ytT/i^^=^^M^<D^mm{cx^xrF 

TCDMU -la^SW, 320, 31 9^m^^^o Mc 
m\^. l^E(7?7K^5?[l^T-3 5 Ot;, 3 0^(75T^- 

20 LfCo (HIO (D) ) 

[0 1 4 51 iietC^f [H]SS(±, PTFTi:NTFT<i: 

VN-C, 2oor>TFT^p|0t(c{^i9, ^'^T^^^-r^r i: 
ffii:U:fcTFT^2o|^B#(cf^iJJi-5r <t 

[0 14 6] muc, mo (D) -^iMt^h^fcmm^ 

^-r. lI11(c4^tt5??-§-liEI10c/>??F-^(c^iCi-5o 011 
cOTFTcD»]f^B#(;i^3V>-C, ^ y r liy-:^/ K 

(t5SfeL4ri6«-r5rt;5^-Ct. iS^Klffi^^-f^T F 
TS:#5wt;65-e#5o 

[0 14 7] ***S^J(::i3v^"C(i, N i ^^Ai-^:^» 

t UT, ^^©^^1^3 0 4Tc^Tift^3 0 2±(CS^ 
>5r;i.>r;^V^C(;>^SKaigJit3 0 4 ^{Cii^Wl-aA 

50 •^iOiS-*^cvDife{wj;5:^&"^t^ 
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[0148] [^i£«io] ^^Mmmi-^. Ti^'r^ •^m(o 

[0 14 9] :$:3l*^?»Jcom$»XS<0«BS^[ai2(c^-to 
5 9;^f^;^S« (J?^ 1 . Imm. 3 0 0X4 00m 

m) ^^m\^fco i^-r. T±ffiBi4 0 2 mit^m) i:^ 

ix . 0. 4^x^2. 5. m^Lit. x=2. 0-^7^$ 
[0150] Z(D^. LPCVDffit»L<(l7'^X^C 

vvmx$¥iBW^mm4 0 5^10 ooA<Dm^^zm^ 
Aoo'cxi^mm^mit^n^fc'ifk. mmr^-- 

TC^H^T (if^L<(i. TKiK^^^J-jE^^ 0 . 1-lM 

[01 5 1] ::<;or^->'^xm{c*3v^r. ^SSaS^iag 

<^Eg. 012 (B) (D^WXTf^-rXo^Z. ^it^y^/i':^^ 
f&m^tlX^^^^^4 0 4Xn. S«4 0 KcSig:^!^ 

^ (^111^4 0 4Jex^cDfii«) tc*5v^-c^±, Sffiic^u. 
[0 15 2] r^Ur, *£fitt^?RJ:«9/j:54^»ft:l!l4 

0 s^^-sc^d^-et-So ±fa^^ft^Kt4o 5Sr 

tci-5r i:d5mS"Cfc5o ^^f&^l::!^. 012 (B) <n^ 
^;]ytmK^f\^'f^4 0 4<oU^t:i(o^W<r>i^M. (m® 

(DU^(Dm^'&'i^mm4 0 ^^:^y'f'>ifX^^ 
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L. ^f0ttai5R13^4 0 5 0S1£(C5ptT/j^:^f^l-^S^g 

[0153] ^hlzy'hy ' ' (TEO 

S) ^WMtLX. ?8ii5#HM*co:7^7X-rcvDfetc 
J:o-C. ^g^^bSigi^y-r h*6i^^ (i?* 7 0-1 20n 
m, ASWiClil 0 0 nm) 4 0 6 ^^fig-T^o SSiU 

JO ^offi^^y y ^^KiKt*5fci^>(-4 0 ox:&. 

T. iif4L<ft2 0 0-3 5 CCirl-^o 

[0 15 4] {£^^<Di^]) z2>:t±fS.^t Ltim^ 
cvDmxi^fStLs y<^-=->^^Uo :zti>cXoX. 

hmm4 0 7^m^-r^o -^cos. Nmo^m^i^t 

y«^^ii^4 0 8. =f -r^>'L.fl^i«M^4 0 9. Ki^>r:/0*S 

4 1 0 ^Jg^-f ^ tr , K r F l^-1f-3t^fi8tt-r 

20 C75zn^.ypafi— ^g(t2 5 0 — 3 0 Om j/cm2 
KU-f V(7)i/— hg}rL(13 0 0-8 0 0 Q/cm2 
oXrfO(D\t^-mxh^o 

[0 15 5] ^cot^. g&fb^^{cJ:oT]irp1l6^^fe4 1 

mxmM4 13.41 4^m^L. :i<ooh-'ij<omM 

30 4 1 4fi I T0 4 1 2(C^>g^Mt*5<t 5t--rSo *^ 
^m^X2 0 0-3 0 0*C-e2B#P^r-— /ULT. 

'>y =t:/(07K^{b^^T-r5o roj:5(cLT. tft 

lo^ 5 6] ^mmmxi^mLitTFT^t. y-^m 

mmm^m^^x\.^^<Dx. f^^iSL^^^^vrf^mm^ 
40 ^^mmzr^^x^mir^zt\zfj:^t^cb. ^^vt<d 

^^fiIScofl5V^TFT*#5wi:;&s-c^fco ^^JSM^Cf^ 
SiLfcTFT(lN5^-r^/V.SJT-fo«9. -tO^tdSlt. 9 
0-130 ( c m2 /V s ) Xh^ito 600 

4 8B*ra(/5?^r^-/ncj:5^fBft;{-<fcoT^e>ix 

f)^, 8 0-1 0 0 (cm2 /Vs) T-teofcCi irtblfil 

-t^t. :iii\tzti\ti^^^j^^^<r>^^±.xh^o 
[0 1 5 7] */i±fa(^XStP«<cf^Si;^fe(c,J:o 

50 5 0 — 8 0 ( c /Vs) Xh^fto Ztlh^ 
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3 0 --6 0 (cm2 /Vs) "CfcofcC^C: 

[0 1 5 81 in^MU] :^mmmit. mmmm^i^^i- 

[0 15 9] [^JSI?»)12] ^ffiF'jlOtCTT^-r 
[0 1 6 0] Hu^(0j:3lw. ^fB<7)^S*'f^(^=3eir 

/SS^fRjt^A- y T<7)^Sii-6*-f^^(7:>:^*^0--9 0 

(f, iiis^B%^S;^f^]^^^yr(;?^i()i-^:^f^tco^ 
6t^$iJ»r*t5r iJCTiSo ^^rcotg^ii. Ell 1 

(c^-r;^y h^^cO^y^^/V^fiiSAP^iSlca 0 0;65 0-' 
90'' (Dffiiar^iHitet. ^fn 3 0 5 -c7r-r^s<ofiSc:S*- 

0** (ciSl^S'&ll^»itIS^^:'c#<. y-^/Ku-f 

riofta:dS9o° icisv^^-g^. ^m&t^^h^<. y— ^ 

[0 16 2] 

?rTFT(C^tJffli--5(;i^LT. T F TrtSr^ft-fS =^-y 
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[0 16 3] *fc, £1S(c¥tT>i:^f^lc^fBfifcSLfc5fe 

T#ffiLTI/^^)<or\ ^(7)^^^^(tTTFTS:Ji^fi£-r 
-Srirtwi:"?. TFT(^i(if^(?:>S^14^{t®tt$riS*i)5 

[ElStDjfflm^^IS^W] 
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